Abstract-The cognitive radio is considered a best solution for the limited spectrum resources problem. The periodogram based energy detection can be used for spectrum estimation in cognitive radio. It does not need any prior information about the primary signal. This paper presents a new periodogram by using the Discrete Cosine Transform (DCT). In addition, it analyses and compares the performance with raw periodogram. The result reveals the DCT based periodogram is better than the traditional one due to its low variance. Consequently, the proposed system has a high probability of detection with low probability of false alarm even in case of lower SNR.
I. INTRODUCTION
Recently, the wireless traffic size has been expanding extraordinarily, directed by the new generation of devices such as smartphones and bandwidth-thirsty applications such as video streaming. It becomes overcrowded for some frequencies, especially below 3 GHz. Moreover, these spectra are expected to be scarce in the few coming years. However, this problem is increased due to the inefficient static spectrum allocations according to the Federal Communication Commission (FCC) studies. Its studies reveal that about 70 % of the allocated spectrum may be sitting idle daily in some locations/times. Therefore, two main reasons have been caused the scarcity problem in spectra, the lack in spectra and wasteful static spectrum allocations [1, 2] .
The Cognitive Radio (CR) technique provides a spectrum that can be allocated to many users, rather than to only one which is called a Primary User (PU). As long as the PU is not temporally using the dedicated spectrum, the Secondary User (SU) can opportunistically exploit it. Therefore, the spectrum exploitation efficiency can be improved. Once PU wants to its spectrum, SU will switch to another idle spectrum or terminate [3] .
SU can be identified the idle PU spectrum by the Spectrum Sensing (SS) methods. The main SS methods are matched filtering, cyclostationary feature detection, and energy detection (ED). The matched filtering is considered the best method, but is the most complex one. Because it needs to know all prior information of the PU signal, thus it should be synchronized with PU [4] . The second method can identify the primary signal from the noise and needs only to know the cyclic frequency of it. However, it takes a long time to sense due to complex computational requirements and is sensitive to sampling clock offsets [4, 5] . In contrast, the ED method does not need to any prior information to sense the unknown signals and is the simplest one [6] . However, it has a bad performance in the lower Signal to Noise Ratio (SNR) [7] .
The ED method can be implemented in time-domain or frequency-domain. The frequency-domain SS algorithm, or a periodogram, is more flexibility that depends on the Power Spectral Density (PSD). It can work on wider bandwidths and then sense many channels that represented by PSD [8] .
In the literature, several works are analyzed based on periodograms to enhance their performances. In [9] , the authors analyze the Welch's periodogram performance then compare it with the raw periodogram. The results show that the performance of Welch's periodogram is better than other performance where the channel is Additive White Gaussian Noise (AWGN). Same authors improve the previous work in [10] . They generalize it to work on the Rayleigh fading channels and get good results. While in [11] , the authors derive the non-central quadratic form for the raw periodogram. They test their work on the fading channel (Rayleigh and Rician) and get on performance that better than the raw periodogram performance. After that, they re-derive their algorithm for the Bartlett's periodogram in [12] . As in [8] , the authors study the effect of signal length on the threshold calculation then applied this study on the Welch's periodogram. The authors in [13] analyze the periodogram based on Blackman-Tukey algorithm. They applied many lengths of channel with various types of windows functions. The authors implement the periodogram in MATLAB in [14] . They compare it with periodogram based on Welch algorithm.
In the abovementioned proposals, the works are enhancing the detection performance but do not improve the signal resolution that is decreased due to the segmenting [15] . In this paper, a new periodogram is presented and analyzed that keeps the frequency resolution with lower variance. It is considering the Discrete Cosine Transform (DCT) to calculate the PSD. Moreover, it has a high performance in the lower SNR. Consequently, it is evaluated that the probability of detection is high and the probability of false alarm is low. Therefore, the new periodogram-based DCT strongly improve the ED performance.
The rest of this paper is organized as follows. In Section 2, the spectrum sensing fundamental is presented for the raw periodogram. The proposed system of the new periodogram is cleared in Section 3. In Section 4, the performance of the proposed detector with AWGN channel is evaluated and analyzed. Finally, the conclusion is presented in the Section 5.
II. THE FUNDAMENTAL OF SPECTRUM SENSING
In the cognitive radio network, a cognitive user observes attendance of a primary user within a coverage area of it. The cognitive user receives the PU signal, processes, and decides whether it presents or not. Let y(t), fc and B represent the continuous-time received primary user signal at SU, the central frequency and the bandwidth, respectively. The y(t) should be sampled at a sampling rate fs, where fs B to get on the discrete representation for y(t), x(n). And y(n) = x(nTs), where Ts = (1/fs) is the sampling period. Therefore, x(n) can be formulated in terms of SS as the following binary hypothesis [16] ( 1) where s(n) denotes the PU signal, which is assumed to be an identical and independent random process (i.i.d) with zero . w(n) denotes the Gaussian noise with zero mean and variance w 2 and N represents the signal length. While H0 and H1 represent the idle and busy cases of the PU signal [3] .
In the ED technique, the time-domain SS algorithm can be performed by filtering the PU signal, squared then averaged as shown in the Figure 1 . After that, the result is compared with a threshold and then the algorithm produces the final decision [16] . Whereas the periodogram uses a PSD of the primary user signal to compare it with a threshold [8] . The Discrete Fourier Transform (DFT) plays an essential role to find a PSD of signal as shown in Figure 2 .
In order to sense in terms of ED in frequency domain, the binary hypothesis become [17] (2) where is denotes the predefined threshold that is influenced by the noise. It has a relationship with a test statistic, which be of interesting for SS. This test statistic includes couple of probabilities: the probability of false alarm Pfa and probability of detection Pd. The first considers under hypothesis H0, which means a wrong pointing for PU signal presentation. Whereas the alternate considers under hypothesis H1, which means a correct sensing for PU signal presentation [18] . (3) (4) where Q(x) represents the tail probability of the standard normal distribution that is given as
The SS performance can be analysed by the Receiver Operational Characteristic (ROC) curve that is a relationship between Pd and Pfa (test statistic). The perfect performance is defined as higher Pd with lower Pfa. PU collects an extra protection when Pd is high. However, SU gets on extra chances to reuse the spectra when Pfa is low. However, is chosen to estimate a false alarm rate so the variance of noise is necessary to compute it [4] .
III. THE NEW PROPOSED PERIODOGRAM
DCT is a transform with basis sequences that are cosines. Since the cosines are both periodic and have even symmetry converses to the DFT, which is only periodic. The DCT has four varied types, which are DCT-I, DCT-II, DCT-III and DCT-IV. The DCT-II has an energy compaction property thus is entered in several applications of data compression. It is defined by the following transform pair:
where [19] .
, a[n] is the original M-point sequence and the A[k] is the DCT M-point of a[n]
PSD can be evaluated as shown in Figure 3 . This figure considers the ED based on DCT. In addition (2), in terms of DCT, will become as follows Fig. 3 . The ED based on DCT. (8) According to Digital Video Broadcast (DVB) standards, there are two variable parameters: cyclic prefix ratio and model type, in addition to SNR of the channel type. Thus, the test static is varied with those three parameters as follows:
A. Cyclic Prefix Ratio
One of the DVB specifications is the Cyclic Prefix (CP). It is a guard interval, which is a replica of the OFDM symbol end as shown in Figure 4 . Its function decreases the inter-symbol interference, the inter-carrier interference and the multipath effect [20] . Thus, the CP length is equal to OFDM segment divided by according to DVB standards. It effects on the symbol length, which leads to effect on the ROC as it cleared in (3) and (4).
B. Model Type
The proposal system analyzes both models of DVB: 2K-Mode and 8K-Mode. The first mode has 2048 samples (FFT bins) and 1705 subcarriers. The second one has 8192 samples (FFT bins) and 6817 subcarriers. Consequently, there exist two different signal lengths, which are also effect on the detection performance as previous equations.
C. SNR
SNR is also one of parameters that effects on the system performance. In this paper, the channel type is AWGN and the performance will vary as SNR value varied too.
The system performance is also influenced by an additional parameter. This parameter is the residual DCT coefficients that have the lowest values. The DCT-II has coefficients more highly focused at low indices than the DFT does. Thus, when these residual coefficients can be set to zero without an extensive impact on the power of received signal, it can be said that the DCT is focused in the low indices of its stream [19] . The residual values are determined in the next section for different cases.
IV. ANALYSIS OF RESULTS
In this section, simulation results are presented to explore the sincerity of the proposed SS model. It is performed by Monte Carlo algorithm for 10 2 and 10 3 independent trials for 8K and 2K modes, respectively. An ED performance comparison is done between the proposed periodogram model and the raw one. This comparison is carried out in term of ROC, which is evaluated for variable SNR, CP and modes specifications. Since the PU signal is a baseband Quadrature Phase Shift Keying (QPSK) modulated signal that is governed by DVB standards as shown in the Table I.   TABLE I. DVB SYSTEM PARAMETERS
A. The General Performance of Proposed System
To perform the ROC curves, it is considered that a fixed value of CP = 1/32 with SNR are varied from 0dB to -20dB. The performance of SS is carried out for both models types as shown in Figures 5 and 6 , respectively. As it is known, the performance of the raw periodogram is poor in the lower SNR [21] and this is cleared in figures 5 and 6. In contrast, the periodogram that based on DCT has a desirable performance. That is due to the variance in case of DCT is so lower than one in case of DFT, and the residue that is equal to -73 dBW in 2K mode case and -90 dBW in 8K mode case.
B. Impact of CP observation.
The variation of CP leads to limited varying the signal length, which has -20dB SNR. The performance is achieved for CP = 1/4, 1/8, 1/16 and 1/32 for both modes and is shown in figures 7 and 8. In Figures 7 and 8 , it can be seen the effect of signal length on the performance. For each periodogram type, the performance in case of 1/4 CP ratio is better than one in case of 1/32 CP ratio. Moreover, the residue is same value of general performance case. Therefore, the proposed system is better than the raw periodogram.
C. The Variance Effect.
One of the big difference between DCT and FFT is the variance. It effects on the signal detection accuracy and then it should be reduced. The variance in DCT case is lower than in FFT case. Consequently, the detection performance of the proposed system is better than one of the raw periodogram, and its values of variance are cleared in the following table for all above previous results. In summary, the performance detection of the proposed system is better than the performance of the raw periodogram. Since the probability of detection is 90% or more with the probability of false alarm is 10% in the proposed system while in the raw periodogram, both probabilities are approximately same. In addition, the variance in the proposed system is very low compared with the traditional one. Because of the energy compaction property of DCT, the samples that have the lowest values are vanished without affection on the accuracy of signal detection. Furthermore, the proposed system is faster in case of 2K mode but is more accuracy in case of 8K mode. It also has a half mathematically complex of the traditional system and then is faster than the traditional system.
V. CONCLUSIONS
In this paper, the performance of ED that is implemented by a periodogram based on DCT was investigated. In the literature, the authors reduced the variance using Bartlett or Welch algorithms but also consequently, reduced the signal resolution. The proposed system gives a lower variance without changing the signal resolution. In addition, it has an excellent performance for sensing. Moreover, the residual coefficients are flexible to change until get on the desire performance. The result reveals the proposed system has lower complexity than the raw system and faster.
